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Abstract. The seismic events that have recently affect several areas all around the planet point out 

the need to respond quickly to emergencies. With this work we want to illustrate an attempt to 

combine ‘traditional’ change detection (pixel-based and object-oriented techniques) with DSM ex-

traction for update cartography of the areas interested by seismic events. Stereoscopic images can 

be used for DSM extraction while change detection and multi-spectral classification algorithms 

can be applied on a monoscopic image. In this specific case of study we tested this approach on the 

area of L'Aquila, a city of Abruzzo region, that is situated partially on an ancient lake-bed worsen-

ing the effect of seismic activity so a series earthquakes marked its history. For this site an high 

resolution Worldview 2 monoscopic image was tested using object-oriented methodologies com-

paring with the traditional pixel-based algorithms to classify roads, buildings, green areas etc, ex-

perimenting a first damage assessment. This test can be completed with height information ex-

tracted from DSMs of the same area. There are numerous advantages in the combined use of these 

two techniques; in fact the use of change detection only is not always effective because sometimes 

there is the possibility that ground with the same radiometry of a roof is classified as a building 

and also the opposite is possible a building with one or more floors entirely collapsed after a seis-

mic event may have the some radiometry of an undamaged building.  

Keywords. Change-detection, DSM, earthquakes, L’Aquila, object-oriented, pixel based, satellite 

images classification, Worldview 2. 

1. Introduction 

Change detection is an important application of remote sensing technology studied and applied 

since 1980s. It consists in a technique applied recently also to high or very high resolution satellite 

monoscopic image processing for the detection and / or discrimination of changes in both environ-

mental and anthropic context over the time. In other words the goal of change detection using re-

mote sensor data is to find and interpret the alterations of features or phenomena of interest between 

two or more image dates [1]. There are many types of change detection methods of multi-spectral 

image data, but the most simple change detection analysis is that based on the classification. In this 

paper we want to compare two different approach of image classification that can be applied in 

change detection: the ‘classic’ pixel based and the recent object oriented approach. The goal of this 

study is to show the possibilities and limits of using change detection techniques to evaluate the 

damage level and distribution in the immediate aftermath of a seismic event. For this reason the test 

area is represented by L'Aquila city, in Abruzzo region (Italy), and its surroundings strucked by an 

important earthquake in 2009. 
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mailto:donatella.dominici@univaq.it


Baiocchi, V. et al.: Multispectral automatic feature extraction methodologies comparison 

 264 

2. Methods 

 Earlier experimentations showed that some of the effects of a seismic event on buildings can be 

identified using change detection and multispectral classification algorithms. In this work we tested 

object-oriented methodologies and the ‘traditional’ pixel-based algorithms to classify roads, build-

ings, green areas etc, this to try a first damage assessment. Pixel based approach focuses its atten-

tion on single pixel and its digital number representing its ‘spectral signature’. However traditional 

pixel-based image analysis has some limitations because of the following reasons: image pixels are 

not true geographical objects and the pixel topology is limited, pixel based image analysis largely 

neglects the spatial photo-interpretive elements such as texture, context, and shape. Object-oriented 

classification is a recent classification method. In contrast to other methods, groups of pixels called 

objects, are examined during the classification process. These objects are created during the seg-

mentation process, when the image is subdivided into groups of pixels with similar characteristic. 

The scale factor, which determines the size of objects, is the basic parameter for their creation. The 

elements analyzed are not only the spectral values of an object, but also its shape, texture and rela-

tionships with neighbor objects [2]. 

 This section should describe in detail the study material, procedures and methods used. 

 

2.1 Data Available 

 

In this specific case study, attention was directed to the area of L'Aquila, a city of Abruzzo in-

terested on 6 April 2009 by a violent earthquake that caused damage of around 10-15 thousand 

buildings. For the area of interest a very high resolution monoscopic image acquired by Worldview 

2 satellite (Figure 1) was classified. Launched October 8, 2009, this satellite has a sensor that pro-

vides a high resolution panchromatic band (0.46 m.) and eight multispectral bands (1.85m.): four 

standard colors (red, green, blue, and near-infrared 1) and four new bands (coastal, yellow, red edge, 

and near-infrared 2). It can provides full-color images for enhanced spectral analysis, mapping and 

monitoring applications, land-use planning,disaster management etc [3]. 

 

 
Figure 1. Worldview-2 image of L' Aquila (figure is approximately 7 Km wide) 

http://www.satimagingcorp.com/characterization-of-satellite-remote-sensing-systems.html
http://www.satimagingcorp.com/services.html
http://www.satimagingcorp.com/svc/urban_and_land_development.html
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2.2 The software 

 

In the present experimentation we propose a comparison between the results obtained with dif-

ferent methologies of classification performed on Wordview-2 image with 2 different software: 

Envi Ex and Ecognition Developer 8.0. The main goal is to highlight the potentialities of the classi-

fication of satellite high and very high resolution images for the identification of the collapsed 

buildings in post-seismic scenario. For this reason we adopted a specific class hierarchy, focused on 

the discrimination of built up from non built up areas, both for pixel-based and object-oriented clas-

sification. In the figure below (Figure 2) are shown the classes created. 

 

 

 

 

 

 

 

Figure 2. Classes created for both pixel-based and object-oriented classification. 

 

3. Results 

3.1 The results obtained with ENVI EX software 

 

 With Envi Ex software four different types of classification were performed: 

1. pixel-based supervised; 

2. pixel-based unsupervised; 

3. feature extraction with supervised classification; 

4. feature extraction with rule-based classification. 

The first type of classification, ‘pixel-based supervised’ it is so called because guided by the op-

erator through the definition of classes and the selection, on the scene, of pixels representative of 

each category. However in this case the classification is performed only considering the digital 

number of each single pixel. The result of this process is shown in the Figure 3. 

 
Figure 3. Results of pixel-based supervised classification (Envi EX) on a clip region of Worldview-2 (about 3 km wide) 
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It can be observed (figure 4) that the classification identifies optimally classes of vegetation, 

shadows, brown roofs and white roofs. The classification of vegetation was however obtained in an 

automatic way by exploiting the combination of the multispectral bands and determining the vege-

tation index (NDVI) for the whole area. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Detail of classification result 

The process of supervised classification encountered, however, some difficulties in distinguish-

ing class of gray roofs from the roads, due to the similarities of the radiometric response of the two 

classes (Figure 5). 

 

 
Figure 5. Detail of classification result 

 

The pixel-based unsupervised is a classification in which the software automatically detects the 

categories to classify. The obtained result are shown in the figure below (Figure 6). 

 
Figure 6. Results of pixel-based unsupervised classification (Envi EX) on a clip region of Worldview-2 (about 3 km 

wide) 
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The third type of classification performed with Envi software consists in a feature extraction 

with supervised classification. It is an object-oriented approach that starts with the creation, through 

a phase of segmentation, of image objects or groups of neighboring pixels with similar characteris-

tics of brightness, color, texture, and then comes to the actual classification of the image after a 

training phase (selection of representative samples for each class). 

 

 
 

Figure 7. Results of feature extraction (Envi EX) on another clip region of Worldview-2 (about 3 km wide) 

 

 

Figure 8. Detail of classification result 

 

The figures above (Figure 7 and Figure 8) show the result obtained. This classification process 

has a greater accuracy due to the segmentation phase allowing for example to limit the phenomenon 

of confusion between gray roofs and roads class, present in the supervised classification of this ex-

peri mentation.  

Finally we tested the Feature Extraction with Rule-Based Classification on the same clip region 

of Worldview-2. Feature Extraction with Rule-Based Classification is an advanced method of clas-

sification which allows to define the characteristics of the soil by creating rules based on at tributes 

of the objects. In the case of multispectral image classification or pansharpened attribute classes are 

4: 

 space 

 spectral 

 texture 

 custom 
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The Feature Extraction method with Rule-Based Classification is based on a knowledge of the 

operator of the characteristics of the soil and of the feature to assign for the classification. For ex-

ample, a useful feature to recognize a road is assigned a minimum value of elongation while for 

buildings impose an almost rectangular shape (rect_fit approximated to 1).The figure 9 shows the 

classification results obtained with this approach.  

 

 
 

Figure 9. Results of feature extraction with rul-based classification (Envi EX) on a clip of Worldview-2 (about 3 km 

wide) 

 

During the process of classification of the buildings, rules of spectral attributes have been used, 

together with space attributes, in particular the rect_fit (which measures how the shape of the object 

is approximated to a rectangle) and the area and this have allowed to achieve excellent results in the 

classification of buildings as shown in detail in Figure 10. 

 

 

 
 

Figure 10. Detail of buildings classification. 
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3.2 The results obtained with Ecognition software. 

 

The procedure of the classification performed with this software is very similar to feature ex-

traction with rule-based classification of Envi EX.  

The image analysis process with Ecognition has two main steps: segmentation and classification. 

Normal segmentation entails grouping image elements according to shape and spectral homogeneity. 

Ecognition segmentation algorithm is based on the bottom-up region merging technique. The 

method starts at an arbitrary point in the image with one-pixel objects, and in a number of segmen-

tation steps, the pixel objects are enlarged to bigger pixel groups (segments) until a certain hetero-

geneity value (scale parameter) is reached [4]. Scale factor is an abstract, adimensional parameter, 

the bigger it is the larger are created objects. These segments are optimized using two other homo-

geneity criteria: shape and color. For this experimentation we tested the segmentation of image with 

different scale parameter to find the optimal solution and finally we decided to adopt a scale pa-

rameter of 60 (Figure 11). 

 

Figure 11. Results of segmentation with different scale parameter (20 and 60). 

 

Ecognition knowledge-based approach offers two types of classification methods to classify ob-

jects into information categories: nearest neighbor and fuzzy membership functions. While the 

nearest neighbor classifier describes the classes to be identified through sample objects for each 

class defined by the user, fuzzy membership functions describe intervals of feature characteristics 

wherein objects belong or do not belong to a certain class by a certain degree. A class is thereafter 

described by combining one or more class descriptors by means of either fuzzy-logic operators or 

inheritance, or a combination of both. 

To simplify the classification process we decide to classify the green areas by the definition of 

the classic NDVI (vegetation index) defined as follow: 

 

NDVI= (NIR – VIS)/ (NIR + VIS)     (1) 
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 It was necessary to implement (1) for the specific bands of Worldview-2 because this was not 

available in Ecognition. 

After the definition of this parameter we chose a threshold to correctly classify all the green areas 

(Figure 12). 

 
Figure 12. Classification of green areas with NDVI in Ecognition (clip about 1 km wide) 

 

For all other classes of hierarchy it was implemented a nearest neighbor classification with the 

selection of representative samples for each class; [5] however in some cases the class description 

was completed with the definition of important parameter. As an example for the buildings class we 

added a threshold about the extent (Area > 80 m2), while for the shadows a condition about the 

proximity to other classes such as vegetation or buildings (‘Distance to’ buildings < 2m). The re-

sults obtained are shown in the figure 13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Results of classification in Ecognition on a subset of Wordview-2 image (about 1 km wide) 
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The analysis of the results of all different methodologies of classifications pointed out that the 

main change detection algorithms are not always effective where there are recent buildings because 

often ground is classified as a building with grey roof. Another cause of error may be the situation 

where a building that suffered a total collapse of one or more roofs after seismic event have the 

same radiometry of an undamaged building [6]. For this reason we made an attempt to complete the 

classification with height information extracted from high resolution satellite images. The idea was 

to compare the heights contained in a photogrammetric DSM extracted from EROS-B stereopair, 

acquired after the event with those obtained from vectorial cartography realized before earthquake. 

Details on DSM extraction are here omitted but can be found on [11]. Relevant differences between 

this two values may indicate a collapse. The extraction of roof model was performed in a QGIS en-

vironment; a first result is shown in figure 14 where positive values may hint a collapse, while 

negative values may represent new building not present at the time of map drawing. 

 

 

 
 

Figure 14. Differences obtained between DSM from pseudo-stereopair and roof model ( the represented area is 7 km 

wide) 

 

We focused our attention on the greatest differences (red color) between the DSM eight and 

those extracted from roof model and we analyzed every single building for which the difference is 

considerable to understand if it was actually a collapsed building. 
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3.3 First analysis of collapses 

 

During these experimentations we tried to make a first assessment of collapsed building after 

the main seismic event so we exported the classification results in a vector file ‘.shp’ and we over-

lapped it with the building vector file of digital cartography. With this intersection it has been pos-

sible to individuate some possible collapsed buildings where digital cartography individuate a build-

ing and the classification individuate a different class. As an example we can observe the case of 

Santa Maria Paganica church (Figure 15). 

 

   
 

Figure 15. The detected collapsed building of Santa Maria Paganiga after classification 

 

With the same steps damages to the church of San Pietro a Coppito were identified as shown in 

the figure below. 

 

  

 

 

Figure 16. The detected damages of ‘San Pietro a Coppito’ church after classification 

  

We tried to identify collapsed building also considering height differences between roof model 

and DSM. The major differences are located actually in correspondence of collapses as we can ob-

serve in the figures below. 
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Figure 17. Some detected collapsed building with comparison of height before and after earthquake 

 

In some cases, analyzing the biggest height differences, we can notice some false detection due 

probably to irregular shape, for example buildings with a dome (Figure 18 a) for which we don't 

know how the height was calculated for vectorial cartography, or as shown in the figure 18 b .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(a) 
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Figure 18. Examples of false detection of non collapsed buildings due probably to irregular shapes of the roofs 

 

It has to be underlined that the 1:5000 scale cartography, used for this experimentation, reports 

anyway the roofs as a flat polygon all at the same height; this can be a big approximation on irregu-

lar shaped roofs as domes. 

 

4. Conclusions and further development 

These experimentation highlighted some possible combined application of satellite remote sens-

ing classification and photogrammetry in emergency and post seismic management of the area 

strucked by the disaster. It is evident that the different strategies of classification allow to identify 

the macroscopic damage to buildings caused by the earthquake; it is however important to underline 

that with these methodologies it is not possible to identify structural damage, even serious, if they 

have dimension similar to the image resolution. Interesting results of automatic detection are shown 

and they show that the combined use of multispectral classification and height differences lead to an 

automatic detection of collapsed buildings. This methodology does not detect all damaged buildings 

but its detections are almost error free and this can be of strategic importance for early damage as-

sessment. These can be considered only as first tests because more extensive comparison has to be 

executed to correctly evaluate the accuracy of the classification. Important further development will 

depend on the possibility to extract more accurate height information before and after seismic 

events, for example using Lidar DSMs that are currently under investigation.  
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